A study towards the synthesis of 3, 4, 7, 8-tetrahydroazocine and its derivatives. by Leung, Wai-Yee. & Chinese University of Hong Kong Graduate School. Division of Chemistry.




A thesis submitted in partial fulfillment of the
requirements for the degree of
Master of Philosophy in
The Chinese University of Hong Kong
1983
Thesis Committee:
Professor S. W. Tam, Chairman
Dr. T.L. Chan
Dr, To Ye Luh









Results and Discussions 25
Experimental 63
References and Notes 94
1ACKNOWLEDGEMENT
The author is indebted to his supervisor, Professor S.W. Tam,
for his invaluable advice and encouragement during the course
of research and the preparation of this thesis.
He is also grateful to Mr. Y.H. Law and MrG C.W. Fung
for their assistance in taking the mass spectra, and also to
Mr. Sheth and Miss Bonnie Yan of the Hong Kong University for
measurement of the 13C nuclear magnetic resonance spectra.
Special thanks are given to the Croucher Foundation






Attempted syntheses of 3,4,7,8-tetrahydroazocine 2a,
4-bromo-3,4,7,8-tetrahydroazocine 2b and 4-methoxy-3,4,7,8-
tetrahydroazocine 2c have been performed via the heterolytic
fragmentation of their corresponding precursors such as
4-endo-p-toluenesulfonyloxy-octahydrocyclopenta[bjpyrrole 28,
4-exo-5-endo-dibromo-octahydrocyclopenta[b]pyrrole 29 and
4-exo-bromo-5--endo-methoxy-oc tahydrocyclopenta [b] pyrrole 30,
respectively.
The preparation of 1f-endo-p-to luenesul.fonyloxy-oc tahydro-
cyclopenta[b]pyrrole 28 was achieved starting from cyclopentenone
44 in five steps. Photochemical cycloaddition of cyclopentehone
with 1,1-diethoxyethene gave cis-6,6-diethoxybicyclo[3.2.0]-
heptan-6-one 31, which upon lithium aluminium hydride
reduction and acid hydrolysis gave 2-hydroxy-bicyclo[3.2.0]-
heptan-6-one 32. Reaction of 32 with the highly reactive
0-mesitylenesulfonylhydroxylamine (MSH) 70 afforded 4-hydroxy-.
2-oxo-octahydrocyclopenta[b]pyrrole 33a in excellent yield.
Treatment of 33a with sodium hydride and then with
p-toluenesulfonyl chloride gave 4-endo-p-toluenesulfonyloxy-
2-oxo-octahydrocyclopenita[bjpyrrole] 3,-5 which was reduced by
3diborane to yield the desired compound 28.
Similarly, 4-exo-5-endo-dibromo-octahydrocyclopenta[bJpyrrole
29 and 4-exo-bromo-5-endo-methoxy-octahydrocyclopenta[b]pyrrole
30 were also prepared starting from cyclopentadiene in five
steps.
Thermal cycloaddition of cyclopentadiene with dichloroketene
gave 7, 7-dichlorobicyclo[3.2.0] hept-2-en-6-one 36, which
upon treatment with MSH, gave exclusively 3,3-dichioro-
2-oxo-hexahydrocyclopentae-4-en[blpyrrole 42. Dechlorination
of 42 was effected in the presence of zinc and acetic acid
to give 2-oxo-hexahydrocyclopenta-4-en[b]pyrrole 43 Brornination
of 43 in dichlorornethane and in methanol afforded 4-exo-5-endo-
dibrorno-2-oxo-octahydrocyclopentaLb]pyrrole 40a and 4-exo-
bromo-5-endo-methoxy-2-oxo-octahydrocyclopentaLbJpyrrole 41a,
respectively. Diborane reduction of 400a and 41a gave the desired
29 and 30 respectively.
No fruitful result was obtained on the solvolytic
reactions of 28, 29 and 30 in ethanolic solution. However,
4solvolytic studies of 29 and 30 in tetrahydrofuran gave
promising results as shown by their GC-MS. Further work
is required to establish this preliminary observation.
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1INTRODUCTION
Considerable attention has been directed to the study
of 1,5-cyclooctadiene (COD) (1), particularly as an organic
substrate in many organometallic reactionsw1 Because this
monocyclic hydrocarbon (C8H12) is known to undergo various
unusual reactions, it has, therefore, been a prime target
for many interesting mechanistic and synthetic studies.







c, Z= O CH3
Despite of the marked progress in the study of COD, no
eight-membered monoheterocyclic analogs of 1 has been
described. This particular investigation began with two
aims first, the development of a general synthesis of-
3,4,7,8-tetrahydroazocine (2a) and its 4-substituted
2derivatives, e.g. (2b) and (2c), and second, elucidation of
the unconventional structural and chemical properties almost
certainly to be associated with such monocyclic 7r-equivalent
congeners of 1. In continuation of the interest in 3,L,-
7,8-tetrahydroazocine chemistry,2 this thesis describes the
study on a convenient entry to this class of heterocycles.
3LITERATURE SURVEY
The first nonocyclic n-equivalent heterocyclic congeners
of cyclooctatetraene, 2-methoxyazocine (4a), was synthesized
by L.A. Paquette et. al. from 1,4-cyclohexadiene (3) (Scheme
I)03,4 This general synthetic route also led to the
preparation of several methylated derivatives of Lfa, 4b-4e,



























The parent compound, azocine (5), was however synthesized
accidentally.5 Instead of ring closure to cubane which was
the purpose of the experiment, flash vacuum pyrolysis of








5Unlike 2-methoxyazocine and its methylated derivatives
which are stable compounds, the azocine molecule is a
highly reactive, acid-sensitive species and readily decomposes
upon warming in vacuo to temperature above '500 C.
Similar to the cyclooctatetraene,6 the four double
bonds in the 2-methoxyazocine compounds 4-a-Le were found to
lack appreciable conjugative interaction due to the preferred
tub conformation of these heterocycles, L However, when
they were treated with potassium metal in tetrahydrofuran,
dimethoxyethane, or liquid ammonia, they would readily undergo
a two-electron reduction to give the planar dianions 6a-6e
which have been found to be aromatic.? Such azocinyl dianions
















6However, protonation of these dianions with various
active hydrogen sources (water, methanol, tert--butanol)
provide d the major synthesis of 3,4- and 3,6-dihydroazocine









On the other hand, 2-methoxy-3,4,5,6,7,8-hexahydro-azocine
(7) had been synthesized either by hydrogenation of 4a over
10% palladium on carbon at atmospheric pressure, or reaction












Recently, it has been found8 that photochemical cyclo--
addition of benzonitrile to 1,2 -dimethylcyclohexene and
1-methoxycyclohexene gave the corresponding 3, 4, 5, 6-tetra-
hydroazocine derivatives the nruct.q ofand
electrocyclic ring opening of azetines produced by an initial













Aside from the preparation of the 3, 4, 5, 6-tetrahydro-
azocine derivatives described above and a few of benzo-
fused tetrahydroazocines9(Fig I), it is to the best of our
knowledge that 3,4,7,8-tetrahydroazocine 2a and its




Fig I. Selected benzo-fused
tetrahydroazocine derivatives
9SYNTHETIC STRATEGY
Since our target compounds 2a-2c contain a cis carbon-
carbon double bond and an imine moiety, one obvious route
to synthesize these compounds would be a one-step
intramolecular cyclization of the corresponding unsaturated
(A) -aminoaldehydes 11a-11c. However, the presence of two
reactive functional groups, that is an amino and an aldehyde
group, in 11a- 11c would make these compounds difficult to
be prepared and isolated. Moreover, to our knowledge, no
successful intramolecular eight-membered ring imine formation









Heterolytic fragmentation reaction, well studied by
Grob and his co-workers 10 in the sixties, appears to be
attractive to our present study. It has been shown that
10
molecules containing certain combination of carbon and
heteroatoms, such as O,N,S,P and halogen undergo a regulated
cleavage (fragmentation) into three fragments. In the
general formulation of equation (i)
X:C=da-b (i)a-b-c-d-X
a-b denotes an electrofugal group, which leaves as fragment
a-b without the bonding electron pair, The middle group
c-d affords the unsaturated fragment c-d, while the
nucleofugal group -X leaves in the form of a fragment :X
with the bonding electron pair.
A study of the solvolysis of F-aminoha.lides or Y-
aminoalcohol derivatives N-C-C-C--X, where X denotes halogen
or -OSO2P as a leaving group, shows that fragmentation may
occur by a one-step concerted mechanism or by a stepwise
mechanism depending on structural, electronic, and steric
factors. 11
The synchronous or one-step concerted mechanism, which
has rigorous structural and stereoelectronic requirements,
is operative only if the Ca-X bond and the free electron pair
of the nitrogen atom are both orientated anti and parallel
(anti-periplanar) with respect to the C-Cy bond which
undergoes cleavage•
X=Leaving group
There are numerous examples in showing this one-step
concerted fragmentation (Scheme III).
Sol= Solvent
scheme III
Thus the equatorial tosylates
and in which
13
all three electron pairs involved in the synchronous
process were able to adopt anti-parallel orientations,
afforded exclusively the corresponding fragmentation products
17, 8 and 19. Conversely, the axial tosylates 15 and 16
in which the Ca-OTs bonds were no longer anti and parallel
to the CB-Cy bond, reacted to yield mainly elimination and
substitution products.
The stepwise process began with the loss of the nucleo-
fugal group -X to form a y--amino carbonium ion 20 as
an intermediate. This then broke down in a faster step
into an iminium ion and an olefin, thus completing the
fragmentation. The cationic intermediate 20 would also

















An example of this stepwise carbonium ion mechanism is
illustrated by 3-(chlorodimethyl)-quinuclidine (2J) which
underwent solvolytic reaction to give 62% of the fragmentation
product 22 together with 3'0% of substitution products and




The present method suggests that a solvolytic fragment¬
ation of a cis-fused octahydrocyclopentafb]pyrrole with a
good leaving group L at C-1+ position would lead to the
simultaneous formation of C= C and C=N double bonds.
Z=HS Br or OChU
On the one hand, when the leaving group L has an
endo-configuration, by comparing the structural similarity
bewteen ]L. and the bicyclic octahydrocyclopenta [b] pyrrole
derivatives 23? we should anticipate that 23 would undergo
a one-step concerted fragmentation to give the desired




Inspection of the model of 23 revealed that the geometry
of the Ca-L bond, the lone pair electrons on the nitrogen,
and Cft-Cp bond are not exactly parallel and anti-periplanar,
but the deviation (about 20°) is small and we expect that
the concerted fragmentation reaction might occur for
compound 23®
On the other hand, when L has an exo-configuration,
the bicyclic octahydrocyclopenta[b]pyrrole derivative
25 will not satisfy the parallel and anti-periplanar
requirements but it is hoped that 2 would also undergo
fragmentation reaction to give the corresponding iminium
ion 26 through the stepwise mechanism via the formation





The main objective of this research project is to
synthesize two bicyclic 4~endo substituted amines 2J
and 28 which, in the hope that if the one-step concertedOx
solvolytic fragmentation did occur, would give our target
compound 2a exclusively,, The leaving groups L that had
been introduced to the 4~endo position of 23 were methane-
sulfonate and p-toluenesulfonate groups®
27, L=-0S0oCH
28, L=-OSOD-C.H, ~CHZ
However, it is also of an interest to study whether
solvolytic fragmentation would occur in the bicyclic 4-exo
substituted amines through the stepwise mechanism that
would give our target molecules 2b and 2c® So two bicyclic
Af-pxp substituted amines 29 and 30 had also been
synthesized with a bromide as the leaving group.
29, L=Br, Z=Br
30, L=Br, Z=0CH,
By far the substrate, p-aminoalcohol derivatives,
which appeared in the literature to proceed fragmentation
were exclusively tertiary amines. However, their secondary
amine counterparts were apparently not known.
The synthesis of 27, 28, 29 and 30 presents a
challenge to us as no satisfactory synthesis of and
4,5- substituted octahydrocyclopenta [b]pyrrole has been
reported in the literature. Our synthetic plan focuses
on a stereospecific and regiospecific generation of cis-fused
azabicyclo [3®3•0]octane skeleton and simultaneous
introduction of a good leaving group at the C-L position
with an endo or exo stereochemistry.
Synthesis of A-endo-methanesulfonyloxv-octahydro-
pentaCb]pyrrole (27) 4 and 4-SJldo-P-toluenesulfonyloxy-
octahydrocyclopenta Lb]pyrrole (28)
Adapting the synthetic pathway that was proposed by
Chow, compounds 27 and 28 could be synthesized from














pyrrole (29) and Zj.-exo-bromo-5-endo-methoxyoctahydrocyclo-
penta f.bl pyrrole (JO)
Similar to 2 and 2§, the azabicyclo[330] skeleton
of the h-exo-5-endo substituted octahydropenta[b]pyrrole
system could be synthesised by a Beckmann type rearrangement
of a bicyclo [32.OJ derivatives J8 and 3. The bicyclic
amines 2g and 30 were then produced by the borane reduction






Compounds 38 and 39 could be synthesized from the
bromination of bicyclof3«2.0]hept-2-en-6-one (37) in carbon
1 5
tetrachloride and in methanol, respectively, Dehalogenation
of 7,7-dichlorobicyclo [3.2.0]hept-2-en-6-one (J6) in the
presence of zinc and glacial acetic acid afforded 37
smoothly.'° Compound 36 could be prepared from a
stereoelectronic control of ntt 1 cycloaddition of





Bromination of 37, should preferentially attack the
less hindered exo site to give the corresponding bromo
derivatives 38 and 39 with the desired stereochemistry.
The synthetic plans for compounds 29 and 30 are




















We later discovered a much simplified route to achieve
our goal without the formation of the 1-oxo isomeric lactam
in the reaction of 0-mesitylenesulfonylhydroxylamine (MSH)




















I• Synthesis of lf-endo-methanesulfonyloxyoctahydro-
penta [bj pyrrole 2 and Zf-endo-p-toluenesulfonyloxyocta-
hydropenta[b]pyrrole 28
It has been found that the optimum conditions for
obtaining the maximum yield of 6, 6-diethoxybicyclo[3©2.0]~
heptan-2-one (3J) from the photochemical cycloaddition
of cyclopentenone (4) snd 1,1-diethoxyethene (V5) was
that the gram ratio of to Zf5 was 1 :10 and the time






.Furthermore, the isomeric product Zf6 was not obtained
and the regiospecificity of this photochemical cycloaddition
reaction could be rationalized by means of the frontier
molecular orbital theory
The hydroxy-ketal 47, obtained via lithium aluminium
hydride reduction of 31, was hydrolyzed to the hydroxy-
ketone 32 in 85% yield
LiAlH,
31 wi 32
It was noted that the lithium aluminium hydride reduction
of 31 bad introduced an endo-h.ydrox.yl group at the C-2 of
32. A close examination of the '3-dimensional structure of
31 revealed that the exo face is much less sterically
hindered than the endo one, and therefore it was expected
that the hydride ion should preferentially attack the
carbonyl group from the exo site and hence the resulting
hydroxyl group would be formed with an endo-configuration
which was the desired stereoisomer for the synthesis
described in the earlier section
Chow also found that both the classical Beckmann
and Schmidt rearrangement of 32 was unsuccessful because
the reaction conditions, when using these typical Beckmann
reagents and Schmidt reagents, may be too drastic for the
substrate. Later, he chose the highly reactive O-mesitylene-
sulfonylhydroxylamine (MSB) as the reagent for the lactam,
formation because MSH reacts with ketones under very mild
conditions to give the oxime raesitylenesulfonate in one
step.
Treatment of 32 with O-mesitylenesulfonylhydroxylamine
(MSH) at -10°C gave the oxime mesitylenesulfonate kS which
upon treatment with basic alumina in anhydrous methanol
was converted to a mixture of hydroxy-lactams 33a and 33b




isomeric hydroxy-lactams were obtained because .32 is an
asymmetrical ketone which can undergo methylene group
r
or methine group migration in the Beckmann rearrangement.
From the point of migratory aptitude, the shifting of the
methine carbon (C-5) to give the desired lactam 33a should
be more favorable than the migration of the methylene
carbon (C-7) which yielded the other isomer 3Jbe Moreover,
O
it has been found that the regioselectivity of the lactam
formation was shown to be temperature dependent. The
ratio of 33a to 3.5b decreased with the increase of the
reaction temperature.
The hydroxy-lactams 33a and 33h were readily soluble
in alcohols and water. Compound 3.5a was separated from
33b by first recrystallization of the mixture from ethyl
acetate, and then selectively crystallized from methanolo
By employing sodium hydride as a base to abstract
the proton from the hydroxy-lactam 33a, the lactam-sulfonates
3i+ and 35 were prepared from the corresponding raethanesulfonyl





The hydroxy-lactam 3a was dissolved in hot tetrahydro-
furan and was carefully added into a stoichiometric amount
of sodium hydride in dry tetrahydrofuran at room temperature,,
The solution was stirred at room temperature until the
hydrogen evolution subsided Methanesulfonyl chloride
or p~toluenesulfonyl chloride which was dissolved in
tetrahydrofuran vas then added to yield the corresponding
lactam-sulfonates J4 and 35 After chromatography,
lactam-methanesulfonate 3k was recrystallized from chloroform
to give needle-like crystals (mp 96~97°C) while lactam-
p-toluenesulfonate 35 was recrystallized from pet ether
(40-60°C) and dichloromethane to give colorless crystals
(mp 154-155°C)
The plausible mass spectral fragmentation of the
bicyclic 4-endo substituted lactams 3k and 35 are summarized
in Scheme XI. The relative abundance of the ions are
tabulated in Table I
The existence of a '-lactam was revealed by the high
abundance of ions at me 84 and me 83 in all of the two
compounds concerned Elimination of ROH from 3k and 3 vas
one of the most prominent fragmentation pathvays through
Scheme XI
Table!• Relative abundance(%) of mass fragments of
3 and 35


































Cleavage of the C-S bond in p~toluenesulfonyl group
of 3§ to yield a tropylium ion 9, to give me 91 was
another fragmentation pathway. This accounted for the
base peak of the mass spectrum of 35«
me 91
Compound 3d and 35 were reduced smoothly to give the
amino-methanesulfonate 2? and the amino-p-toluenesulfonate
28 respectively by excess freshly prepared borane-tetrahydro-
furanate. y The products were air-sensitive and quickly
decomposed when exposed to atmosphere, and were also unstable
towards silica gel. Attempts to chromatograph 27 and 28
led to decomposition. The crude 2 and 28 were preliminarily
purified by dissolving the bicyclic amines 27 and 28 in
10% hydrochloric acid. Any non-basic insoluble materials
were then filtered. The filtrate was neutralized carefully
with solid sodium hydroxide at 0 C and extracted three
times with chloroform. The combined organic layers were
dried and evaporated in vacuo to give the corresponding
amines 2£ and 280
Both 27 and 28 were slowly solidified on refrigeration.
The disappearance of the carbonyl absorption (1850-1600 cm
indicated that both the lactams 34, and 35, were reduced
respectivelys the methanesulfonate and p-toluenesulfonate
remained intact in compounds 2 and £8 and their ir spectra
included absorption bands at 136O and 1183 cm.
The plausible mass spectral fragmentation of the
bicyclic 4-endo substituted amines 2J and 28 are summarized
in Scheme XII. The relative abundance of the ions are
tabulated in Table II.
Contrary to the lactam-methanesulfonate 34 and lactam-
p-toluenesulfonate 35, both the amino-methanesulfonate 2
and the amino-p-toluenesulfonate 2.8 favoured C. -OR bond
cleavage to give a prominent ion at me 110 (base peak),
which may have a bicyclic structure or a rearranged
skeleton
Again, the C-S bond cleavage of the p~toluenesulfonyl
Scheme XII
Table II. Relative abundance(%) of mass fragments of
2? and 28
































group in compound 28 gave a stable tropylium ion 49 (me 91)
which vas absent in the mass spectrum of 27J«
r
Starting from the hydroxy-ketone 325 synthesis of the
lactam-methanesulfonate 34 via other alternative routes















Reaction of raethanesulfonyl chloride vith j52 in the
presence of pyridine gave an excellent yield (78%) of
2-methanesulfonyloxybicyclo[32.0]heptan-6-one (51) which
reacted with excess MSH at -10°C to give a mixture of two
isomeric hydroxy-lactams 3Ja and 3Jb instead of a mixture
of isomeric lactam-methanesulfonates. It was because under
basic conditions, the leaving group, i4e» methanesulfonate
group, readily solvolyzed to yield the hydroxyl group.
Similar to the earlier case, the desired lactam 3ja was
separated from 33b by recrystallization, and in the presence
of sodium hydride, 3Ja reacted v.ith methanesulfonyl chloride
to give 34o
Recently, it has been found that the bicyclo[3«2.1]obtan-
2-one (52) was converted to the lactam 53 exclusively in






Selective methine group migration of the oxime intermediate
gave rise to the lactam 5j5 exclusively, We have applied this
method to test if the lactam-methanesulfonate 34 was produced
regiospecifically0 Thus, compound 5] was treated with
hydroxylamine-O-sulfonic acid in formic acid and the
solution was heated at 60°C for 5 h After neutralization,
extraction and finally evaporation, compound 34 was obtained
exclusively in 20% yield. The disadvantage of this method
was that the yield was low (only 20%), whereas MSH gave
at least 70% yield of the lactam product. So in our later
Beckmann rearrangement of ketones, route via MSH was
preferred.
Contrary to the reaction of raethanesulfonyl chloride
with the bicyclic hydroxy-ketone 32, p-toluenesulfonyl
chloride did not react with 32 in the presence of pyridine
to give the corresponding p-toluenesulfonate 54, The failure
p-HC-CH, -S0-C1






of this reaction was originally thought to be due to the
sterically hindrance of the endo-h.ydrox.yl environment.
However, the hydroxy-lactam 3a which is structurally
similar to 32 reacted smoothly with p-toluenesulfonyl




In order to account for the difference between these
two reactions, two factors affecting the nucleophilic
reactions were indeed operative. One was the steric effect
while the other was the electronic effect which was related
to the nucleophilicity of the substrate. Both steric and
electronic effect were unfavorable in the reaction of 32
and p-toluenesulfonyl chloride which prohibited any reaction.
In the reaction of 3Ja with p-toluenesulfonyl chloride,
although steric effect remained as an unfavourable condition,
electronic effect was favourable because abstraction of
the proton from the hydroxyl group of 33a by sodium hydride
increased the nucleophilicity of the substrate and hence
completed the transformation,,
II• Synthesis of h-exo-S-enda-dibromooctahydropentaCb]-
pyrrole ,29 and Zi-exo-bromo--endo-me'thoxyoctahydropenta,Cb]-
pyrrole JO
The starting point of this synthetic scheme was the
regiospecific addition of dichloroketene to cyclopentadiene
It has been found that treatment of a solution of
cyclopentadiene and dichloroacetyl chloride in dry hexane
at 0°C vith an excess of dry triethylamine in hexane gave




The cycloaddition of ketenes to double bonds has
received considerable attention.These reactions went
smoothly when the ketenes carried electron-withdrawing
groups (e,g. CI) and when the olefins were relatively
electron-enriched. The electron-withdrawing groups
lowered the energy of the LUMO of the ketenes, and the
electron-enriched olefins have a higher-energy HOMO,, The
important interaction would therefore be HOMO(ketenophile)
LUMO(ketene)• Again, the regioselectivity of these reactions
could also be rationalized by means of the frontier molecular
orbital theory f
Dechlorination of 36 was effected in excess of zinc
dust in glacial acetic acid at about 70°C for approximately
1 h to afford the bicyclo [3.2.0]hept~2~en~6~one yj in very
high yield (90%)
It has also been found that reaction of 37 with bromine
in carbon tetrachloride at 0°C (buffered in the presence of
sodium bicarbonate suspension) gave 2-exo~3-endo-dibromo-
bicyclo[3.2cO]heptan-6-one (J8) in high yield„ Similarly,
reaction of an equimolar quantity of N-bromosuccinimide (NBS)
with 32 methanol gave 2-exQ-bromo-3-endo-methox.y-bicyclo-






The additions to the double bond of bicyclo[3-200]hept-
2-en~6-one 37 reported above were stereospecific This was
rationalized by postulating the preferential formation of
the exo-bromonium ion intermediate 55 which was attacked

















The reaction of 38 with excess MSH at -10°C gave a
mixture of isomeric lactam-dibromides 40a and 40b (3-1 ratio)
in 71% yield0 The ir spectrum of the mixture revealed the
1
presence of a '-lactam (1684 cm-) function,, The desired
isomer 40a was separated from 40b by chromatography and
gave colorless crystals (mp 150-152°C) after recrystallization
from benzene
In a similar manner, compound 3 was converted to the
lactam-methoxybromides 41a and 41b in 75% yield. However,
unlike the lactam-dibromides, neither chromatography nor
recrystaliization could separate the desired isomer 41a
from 4J,b
It was found that when 1 -azabicyclo[2„2.2]octane-
one (56,) was treated with hydrazoic acid, a single azalactam
58 was obtained in good yield which was resulted exclusively
from the migration of the methine carbon-carbon bond most
distant from the ring-nitrogen atom, This was because in






characteristics of the protonated ring-nitrogen were seen
to reduce the migratory aptitude of the neighbouring
carbon-carbon v bond (methylene carbon) to the electron-
deficient azide nitrogen. The operation of this inductive
effect permitted the preferential rearrangement of the
methine carbon-carbon v bond. The exclusive formation of
58 supported this hypothesis.
On the basis of the above observation, we planneu
stereospecific synthesis of the two 2-oxo lactam products
LOa and Via without the formation of their corresponding
1~oxo isomeric lactam products 40b and in 'Ge Oeckmann
rearrangement 0
Treatment of 7 ,7-dichlorobicyclo[ 3® 2®0]hept-2-en-6-one
36 with excess MSH at room temperature afforded only one
lactam-dichloride product 42, which was resulted exclusively
from bridged head migration (C-5) as shown by the seven
1 3








Similar to 57, the two strong electronegative groups
(CI group) in the methylene carbon (C~7) reduced its
migratory aptitude to the nitrogen, in the oxime-
mesitylenesulfonate intermediate 59 and permitted the
preferentially migration of methine carbon (C~5)j and
consequently, only the 2-oxo isomeric lactam~dichloride kZ
was obtained.
After chromatography, compound WZ was then recrystallized
from pet. ether (h0-60°C) and dichloromethane to give
colorless crystals (mp 138-1ZfO°C). Its ir spectrum included,
in addition to a broad N-H absorption around 3200-3500 cm,
a strong absorption at 172.7 cni' which is the characteristic
of a lactam carbonyl group with adjacent carbon containing elec-
tronegative groups that shift the absorption to higher wave
number. The mass spectrum of Zj-2 revealed a molecular ion
(M) at me 191 Two chlorine atoms in the molecule was
reflected by the ratio of 10:6:1 in M, M+2 and M+Zf molecular
ions respectively. The plausible fragmentation patterns
are summarized in Scheme XIV.
Elimination of a chlorine radical from the parent ion
was confirmed by the presence of peaks at me 156 and
Scheme XIV
me 158 (ratio 3-1)• The base peak at me 113?
3-chloropyridinium ion, was produced through-a successive
loss of £2 and OH radical from the me 156 species,
Dechlorination of z+2 was also effected in excess of
zinc dust in glacial acetic acid at about ?0°C for
approximately 1 h to afford the 2-oxo-hexahydrocyclopenta-
h-en[b]pyrrole (93) in. high yield (89%)® It was also
noted that the amide group of k2 remained intact during
the course of the dehalogenation reaction®
Compound 93? vas recrystallized from pet ether (9-0
-60°C) and dichloromethane to give needle-like crystals
(mp 1 1 9--1 1 6°C). The nmr signal at S 5®5-6«0 was attributed
to the olefinic protons, The broad absorption from 8 85
to 7.6 was due to the acidic hydrogen of the lactam moiety®
The ir spectrum of 9-3 showed a broad N-H absorption around
39-00-3200 cm and a strong absorption peak at 1683 cm1,
a characteristic of lactam carbonyl group,
The mass spectrum of 9 showed the parent ion, which
was also the base peak, at me 123 with other prominent
ions at me 80, me 799 and me 66. Elimination of a hydrogen
radical from the molecular ion me 123 gave a keto-
azacyclooctatriene cation 60 vhich upon the sequential












Bromination of in diehloromethane and in methanol
gave the lactam-dibromide hOa and lactam-methoxybromide
respectively. After chromatography and then recrystallization






For the lactam-methoxybromide Oa, its nmr spectrum
exhibited a sharp singlet at 6 34 for 3H which was
attributed to the methoxy protons. The broad absorptions
at s 8.1 to 7.6 in both nmr spectra of 40a and 4J a were
due to the acidic hydrogens of the lactam moiety. Both
lactams also showed a. broad N-H absorption around 3500-
3200 cm'' and a strong absorption peak at 1680 cm',
a characteristic of a r-lactam carbonyl group, in their
corresponding ir spectra.
The plausible mass spectral fragmentation of the
Dicyclic i-exo-i-endo substituted lactams j±0a and are
summarized in Scheme XVI. The relative abundance of the
ions are tabulated in Table III.
Table III. Relative abundance(%) of mass fragments of Oa
and 4J,a






















Again, the existence of a y-lactam was revealed by
Scheme XVT
the high abundance of ion at me 83? especially in the
spectrum of 40a. Cleavage of the C, -Br bond of 40 a. and.
4da to eject a bromine radical to give the corresponding
me M-79 v;as a major fragmentation pathway which generated
the keto-azacyclooctadiene cation 6j• With the expulsion
of HBr or MeOH moeity, cation 60 gave a keto-azacycloocta-
triene cation which was identical to the fragment ion from
43 as discussed earlier to give the ion at me 80 and the
pyriainium ion (me 79).
Excess borane-tetrahydrofuranate was used to reduce
the lactam-dibromide 40a and lactam-methoxybromide lYa to
produce the corresponding amino-dibromide 2 and amino-
methoxybromide 30. Similar to the amino-methanesulfonate
2 and the amino-p-toluenesulfonate 28, both 2j) and 30
were air sensitive, unstable to silica gel and decomposed
when vacuum distilled. Acid purification was used to
eliminate any non-basic side products in crude 2 and 30•
While the amino-dibromide 2S slowly solidified
on refrigeration, the amino-methoxybromide 39 remained
as a viscous oil. The disappearance of the lactam
carbonyl absorption in their ir spectra indicated both the
lactams 2g and 30 have been reduced,,
The plausible mass spectral fragmentation of these
two bicyclic h-exo-3-endo substituted amines 23 ana 30
are summarized in Scheme XVII.The relative abundance of
the ions are tabulated in Table IV.
Table IV, Relative abundance(%) of mass fragments of 29
and 3Q
m e M M-79 109 108
2g 0 100 36 31
30 0 100 9 16
me 80 79 69
23 17 13 6d
33 13
10 17
Similar to the lactam-dibromide VOa and the lactam-
Scheme XVII
methoxybrornide dja, both the amino-dibromide 2 and the
amino-methoxybromide 30 favored C-Br bond cleavage to
give the corresponding me M-79 ions® Elimination of a
HBr or MeOH moiety from the bicyclic cationr62 or the
rearranged isomeric -substituted azacyclooctadiene cation
yielded the azacyclooctatriene cation 6 at me 108®
Sequential loss of CkH and H radical from 6 led to the
formation of ions at me 30 and me 79 which are characteristic
of the whole series of the compounds under study. Besides,
elimination of a bromine molecule from the molecular ion M
to give an ion at me 109 was also a significant fragmentation
pathway of 20
III® Solvolytic studies of 28, 29 and 30
The solvolysis of 28, 2J and 30 have been carried out
in ethanolic solution under similar conditions© Iminium
ion is known to be highly unstable in acidic media, readily
hydrolyzed in aqueous solutions to give an aldehyde or
ketone together with the amino function® Because of this
reason, excess of base (e«ge sodium hydride, 2,2,6,6-tetra-
methyl-h-piperidinol or sodium carbonate) was added to
neutralize the acid (e.g. p-toluenesulfonic acid or




In one attempt, potassium tetrachloroplatinate (II)
(KPtd) was added in the hope that the possible 347»8--
tetrahydroazocine 2a produced from the solvolysis may be
trapped as cl transition metal complex,, Solvolysis of the
amino-p-toluenesulfonate 2§ in 80% ethanol, in the presence
of K~PtCl, and sodium carbonate was heated under reflux
for 10 h in nitrogen atmosphere. It was noted that the
mixture turned into platinum black after i h. The crude
product exhibited no olefinic proton in the nmr spectrum.
The p-toluenesulfonate group was cleaved as indicated by
the disappearance of the singlet methyl absorption at
(S 2,5 in the proton nmr spectrum. The structure of the
product was yet unidentified.
In contrast, the solvolysis of 28 in the presence of
sodium hydride in dry tetrahydrofuran produced different
results. The p-toluenesulfonate group remained un~solvolysed.
Inspection of the proton nmr indicated that the reaction
product vas only the starting material®
Solvolytic studies of 2 and 30 in absolute ethanol
and in 80% ethanol respectively in the presence of 2,2,6,6-
tetramethyl-4-piperidinol were not promising. After
work up, proton nmr indicated that the starting materials
2g and JO were recovered in both cases.
The solvolysis of JO in the presence of sodium hydride
in tetrahydrofuran gave different results. The crude
product exhibited an absorption signal at S 8.5-8.3 as
vell as olefinic protons at 8 6.2-56 in the proton nmr
spectrum, The methoxy group was also observed as a sharp
singlet at 8 3°f in ihe nmr spectrum. GC-MS revealed 3
components in the reaction products. The mass spectrum
of the second component (retention time 13 min) was most
promising, because the molecular ion and the fragment ions
were consistent with the fragmentation (Scheme XVIII) of
A-methoxy-3,A,7,8-tetrahydroazocine 2c; ms (me)
for the second component: 139(36%), 138(1A%), 12(38%),
108(100%), 107(29%), 106(43%), 79(58%), 77(27%), 59(9-1%),
55(21%), 53(19%) and 9-1(51%). However, isolation of the
pure component by preparative GC and further proof of its












Similar to JO, the solvolysis of 2j) in the presence
of excess sodium hydride in dry tetrahydrofuran gave results
that were different from that in ethanol. The crude product
gave an absorption signal at 8 85-83 and signalsdue
to olefinic protons at 8 62-55 in the proton nmr spectrum.
GC-MS of the product revealed 2 components. The mass
spectrum of the first component (retention time 55 min)
revealed that it was likely to be 78~hexa.hydroazocine (6J)
which may arise from further trans elimination of the
expected product, 4-bromo-3,4s7s8-tetrahydroazocine 2b
in the presence of excess sodium hydride, ms;(me) for the
first component: 107(75%), 106(100%), 79(95%), 78(11%),
77(22%), 53(14%) and 41(22.%)
29 2b 65
The fragmentation pathways of 65 are illustrated
as shown in Scheme XIV.» I!!
Further work such as the preparative GC to isolate the
first component is most desirable.
EXPERIMENTAL
Microanalyses were performed by the Australian
Microanalytical Service, Melbourne, Australia,, Melting
points (mp) and boiling points (bp) are uncorrected The
following spectrometers were used: nuclear magnetic
resonance (nmr), JEOL 60-HL (60 MHz) (in b units, with
TMS as internal standard unless stated otherwise); carbon
nuclear magnetic resonance (C-nmr), JOEL FX-90Q (90 MHz)
(in ppm, with TMS as internal standard unless stated
otherwise); infrared (ir), Perkin-Elmer 283;
mass spectrum (ms), VG 7070F high resolution mass spectrometer,,
Gas chromatographic analyses were performed on a Hewlett
Packard 700 laboratory chromatograph equipped with silanizecT
glass column packed with 3% OV-1 and on a Varian GC-3700
equipped with silanized glass column packed with 3% 0V-17o
Reagents and solvents were commerical grades and were
purified by standard procedures.
2-Cyclopentenone()
2-Cyclopentenone was prepared according to a modified
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procedure of Alder and Flock. Freshly distilled
cyclopentadiene (123.5g, 1«87mol) was placed in a 250 ml
three-necked flask and stirred vigorously and kept at a
dry ice-acetone bath. Anhydrous hydrogen chloride (683 g
1.87 mol) was bubbled into the neat liquid. .Without further
purification? the cyclopentenyl chloride was added dropwise
to a solution of sodium dichromate dihydrate (155.3 g?
0.53 mol) in water (330 ml) in a 2-L flask that was immersed
in an acetone-ice bath. The reaction mixture was stirred
efficiently and kept at 0-10°C. Aqueous sulfuric acid
(257 ml, 50% by volume) was then added slowly to the brownish
mixture® The temperature of the reaction was maintained
carefully below 10°C throughout the addition. The green
mixture was diluted with water (400 ml) and extracted with
chloroform (6 x 150 ml). Combined organic layers were
washed with water (3 x 150 ml) followed by saturated sodium
carbonate solution (3 x 150 ml) and dried over sodium sulfate.
The solvent was then removed in vacuo. The residue was
distilled through a short Vigreux column. Pure 2-cyclopentenone
41, (61.5 g, 40%) was obtained by fractional distillation
under reduced pressure: bp 53~55°C20 mm (lit: bp 68-69 0
23 mm)
Bromoacetaidehyde Pieth.ylacetal (6§)
Bromoacetaldehyde diethylacetal was prepared according
to known procedure« Vinyl acetate (86 g, 1.00 raol) was
transformed into 66 (118 gs 60%) and was freshly distilled
before use: bp 76~78°C25 mm (lit2: bp 64~65°0l 6mm);
nmr (CDCl) 8 4.6 (1H, t, H]), 3.6 (4H, qs -OCHp), 3.3 (2H,
d, H0) and 1.2 (6H, t, CH); ir (neat) 1150 and 1090 cm~
(ketal)„
Ketene Diethylacetal (1,1-diethoxyethene) (45)
Ketene diethylacetal was prepared according to the
procedure given by McElvain and Kundigero Bromoacetaldehyde
diethylacetal 66 (197 g 1«00 mol) was transformed into
1,1-diethoxyethene 4 (75 g5 64.6%): bp 118— 121°C760 mm
(lit23: bp 83-86°C200mm).
6, 6-Diethoxybicyclo [5• 2.0,]heptan-2-oneT (.51,)
A solution of cyclopentenone 44 (2,0 g, 24=4 mmol)
and freshly distilled ketene diethylacetal 4 (20,0 g,
172 mmol) in pentane (400 ml) under nitrogen atmosphere
was placed in a pyrex photochemical reactor and irradiated
(400W, medium pressure mercury arc, Applied Photophysics
400LQ) at 0°C for 7.5 h. The pentane and excess ketene
diethylacetal were removed in vacuo. Distillation of the
residue gave 6,6-diethoxybicyclo[3.2.Ojheptan-2-one 3J
(2.0 g, If 1%): bp 58-60°C0. 1 mm; nmr (CDCl) 3.6-51
(4H, m, 0CH2), 3.0-1.8 (8H, m, H1,, H, H?) and
1.3-1.0 (6H, m, CH); ir(neat) 1730 (carbonyl), 1145 ?nd
1050 cm'' (ketal).
6,6-Diethoxybicyclo[3.8.0jheptan-2-ol (47J)
To a 250 ml two-necked round-bottomed flask fitted with
a drying tube was placed a suspension of excess lithium
aluminium hydride (1.8 g, 47.4 mmol) in dry tetrahydrofuran
(75 ml). 6,6-diethoxybicyclo[3.2.0]heptan-2-one 3 (4.8 g,
24.4 mmol) in freshly distilled tetrahydrofuran (75 ml)
was added dropwise at 0°Ce After the addition was completed,
the mixture was stirred for 4 b. Excess LAH was decomposed
by the addition of ethyl acetate. The mixture was poured
into ice-water (100 ml) and extracted with dichloromethane
(4 x 100 ml). Combined organic extracts were washed with
brine solution and dried over magnesium sulfate, filtered
and evaporated in vacuo to give 6,6-diethoxybicyclo[3.2.0_-
heptan-2-ol 47 in nearly quantitative yield, which was
used in the next step without further purification: ir(neat)
3600-3200 (hydroxyl), 1150 and 1050 cm' (ketal)
2-endo-Hydroxybicyclo [3 2.0]heptan-6-one (32)
A mixture of 6,6-diethoxybicyclo[3.2.0]heptan-2-ol 47
(4.8 g, 24.0 mmol), dichloromethane (100 ml), water (10 ml)
and 2 drops of concentrated hydrochloric acid was stirred
for 4 h at room temperature. The mixture was then neutralized
with 10% sodium hydroxide solution and was extracted with
dichloromethane (2 x 50 ml). Combined organic extracts
were washed with saturated sodium carbonate solution (50 ml),
dried over magnesium sulfate, filtered and evaporated in
vacuo to give crude 2-endo-hydroxybicyclo[3.2.Ol bentan-6-one
J2 vhich was purified by vacuum distillation (2.5 g 85%):
bp 72-73°C0„10 mm; nmr (CDC1,) 5 07-03 (1H, m, Hp,
3.8 (1H, bs, OH), 3.6-3.k OH, m, HO, 3.1-2.9 (3H, m, H]
and H,-,) and 2.0-1.4 (4H, m, and H); ir(neat) 36OO-
3200 (hydroxyl), 1780 (carbonyl) and 1070 cm'' (C-0).
Mesitylene sulfonyl chloride (6£)
Mesitylene sulfonyl chloride 63 was synthesized
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according to the procedure of Wang and Cohen0 y Mesitylene
sulfonyl chloride (1155 g 66%) was obtained from freshly
distilled mesitylene (150 g, 1.25 mol): mp 55-56°C (lit2:
57°C) which was recrystallized in pet. ether (60-80°C)
before use.
thvl acetimidate hydrochloride (6§)
Ethyl acetiraidate hydrochloride 6§ was synthesized
ccording to the procedure given by Sandler and Ka.ro0
cetonitrile (123 g 3-00 mol), absolute ethanol (138 g,
.00 mol) and dry hydrogen chloride (109«5 g5 3-00 mol)
ere reacted to from ethyl acetiraidate hydrochloride 68
325 g 80%)0
Ithyl acetohydroxaraate (6§)
Ethyl acetohydroxamate 6 was synthesized from 68 in
;wo steps by the procedure given by Ea Schmidt Ethyl
xcetimidate hydrochloride (30 g3 0.21 mol) was allowed
:o react with KCO (69.0 g, 0.5 mol) and then with
lydroxylamine hydrochloride (2103 g? 0„30 mol) to give
Bthyl acetohydroxamate 6j (10 g3 1+0%): bp 72~7g°0l8 mm
.lit31: 59-60° C13 ram); nmr (CDC1) A 8.8-6.5 (C=N-0H, bs),
4-1-3.7 (2H, q, -0CH~), 1.9 (3H, s, CH) and 1.i+-1.1 (3H,
t, -OCHCH,).
drjjesit.ylenesnlf onylhydroxylamine (£0)
O-Mesitylenesulfonylhydroxylamine 70 was synthesized
ln w° steps from ethyl acetohydroxamate 69 and mesitylene
sulfonyl chloride 6£. O-Mesitylenesulfonylhydroxylamine 7Q
(15 g, 50%) was obtained from ethyl acetohydroxamate
(7.0 g, 0.07 mol) and raesitylenesulfonyl chloride 6y (148 g
70 mmol): mp 51-52°C (lit-52: 54-55°C); nmr (CDC1-.) .5 7.0
(2H, m, Hz and Hr), 5-6-5.3 (2H, bs, NHO, 2.5 (6H, s,
ortho-CH) and 2.3 (3H, s, para-CH).
4-endo-Hydroxy-2-oxo-octahydrocyclopenta[b]pyrrole (3Ja)
and h-endo-Hydroxy-1-oxo-octahydrocyclopenta [cj pyrrole (33b)
To a stirred solution of 2-endo-hydroxybicyclo[3-2.0]~
heptan-6-one 12 (2o0 g, 15-9 mmol) in dichloromethane
(20 ml) was added a solution of 0-mesitylenesulfonyl-
hydroxylamine 70 (h-0 g, 18.6 mmol) in dichloromethane
(20 ml) at ice-acetone bath (-10°C). The reaction mixture
was allowed to stand for h. The solvent was removed in
vacuo at room temperature to yield the crystalline oxime
raesitylenesulfonate, which was then dissolved in benzene:
methanol (3-1 20 ml) and added dropwise to a stirred
suspension of basic alumina (Merck, activity I, 100 g)
in anhydrous methanol (100 ml). The mixture was stirred
overnight and filtered by suction. The basic alumina was
washed with anhydrous methanol (2 x 150 ml). The combined
raethanolic solution was concentrated in vacuo and the residue
was chromatographed on silica gel (70-230 mesh) using
chloroform as eluent The first component was methyl
mesitylenesulfonate. Hydroxy-lactams 3Ja and 3jb were
eluted by acetone:chloroform (2:1). The eluate was concentrated
in vacuo, which gave a white solid on refrigeration (107 g,
78%). Analysis by C-nmr showed the ratio of 3.5a to 3tb
was about 3ta was isolated as white needles by
successive recrystallization from ethyl acetate and then
from methanol: mp 160-162°C; nrar (CDOD) S for 3Ja 7.7-7®3
(1H, bs, NH)y A.3~3.8 (3H, m,, Hga and OH), 3.5-2.A (2H,
m, H-j), 2.5-2.1 (1H, m,) and 1.8-1.3 (AH, m, H and Hg);
Wc-nmr (CD,OD) for 3Ja 180.8 (C-2), 73-8 (C-if), 59.8 (C-6a),
k2. 3 (C-3a), 33.9 (C-3), 31.2 (C-5) and 30.9 (C-6);
ir (KBr, disc) 3600-3100 (OH and NH) and 1685 cm' (C=0).
2-endo-Methanesulfonyloxybicyclo [3- 2.0j heptan-6-one (5J,)
To a solution of dry pyridine (A«1 gj 51-6 mmol) in
dry ether (9 ml) was added dropwise a solution of methane-
sulfonyl chloride (5-9 g? 51.6 mmol). The mixture was
stirred at 0°C for 1 h. 2- en do- H.y d r o xy bi c y c lo[ 5.2,0]-
heptan-6-one 32 (1-2 g, 9.6mmol) was added dropwise and
the mixture was stirred overnight. The solution was poured
into dilute hydrochloric acid (AO ml, 10%) and was extracted
with dichloromethane (3 x 150 ml). The combined organic
solution was washed with dilute hydrochloric acid solution
(3 x 30 ml)5 dilute sodium hydroxide solution (3 x 30 ml)
and dried over magnesium sulfate, filtered and evaporated
in vacuo to give 2-£ndQ-methanesulfonyloxybicyclo[3»2.0]—
heptan-6-one 5J (1.5 g 78%) which was purified by.
chromatography on silica gel (70-230 mesh) using benzene
as eluent; nmr (CDCl) 8 5.2-.9 (1H, m, H9), 3®6~33 (1H,
m, H5)5 3.1 (3H, s5 CH)s 3»0 (2H, m, H?), 2.8 (1H, m, H])
and 2.3-1 ®6 (ifH? m, and H); ir(neat) 1780 (C=0), 1350
and 1170 cm1 (CH,S020).
Reaction of 5] with O-mesitylenesulfonylhydroxylamine 75
2-Methanesulfonyloxybicyclo[3«2.0]heptan-6-one 5J
(1.0 g, 5«0 mmol) in dichloromethane ml) was added
into a dichloromethane solution(+ ml) of MSH (102g, 56
mmol) at ~10°C. The mixture was stirred for{ h and the
solvent was removed in vacuo, the residue was redissolved
in benzene (30 ml) and added dropwise to a suspension of
basic alumina in anhydrous methanol (200 ml) and stirred
for 8 h. The solution was filtered by suction and the
alumina was washed with anhydrous methanol (2 x 100 ml).
Combined organic layers were removed in vacuo to give a
viscous oil, which was chromatographed on silica gel(
70-230 mesh) using chloroform as eluent. The first
component was methyl mesitylenesulfonate. Hydroxy-lactams
35a and 33b (O.pgj 75%) were obtained when eluted by acetone-
chloroform (2:1) mixture.
A-endo-Methanesulfonyloxy-2-oxo-octahydroeyelopenta[b]pyrrole()
Method 1. From hydroxylarnine-O-sulfonic acid
To a stirred solution of 2-methanesulfonyloxybicyclo[3.2.0]-
heptan-6-one 5J (1.0 g, 5 mraol) and 95-97% formic acid (5 ml)
was added dropwise the solution of hydroxylaraine-O-sulfonic
acid (15 mmol) in 95-97% formic acid (5 ml) at room temperature
over a period of 5 min. The reaction mixture was then heated
at about 60°C for 5 h. After cooling, the solution was poured
into icewater, neutralized with 10'% sodium hydroxide solution,
and then extracted with chloroform (2 x 30 ml). The combined
organic layers were dried over magnesium sulfate, filtered
and evaporated in vacuo. The residue was chromatographed on
silica gel (70-230 mesh) using acetone-chloroform (1:1) as
eluant to give A-methanesulfonyloxy-2-oxo-octahydrocyclo-
penta Lb] pyrrole 3% (02 g, 20%): mp 96-97°C; nmr (CDCl) s
7.3-6.9 (1H, bs, NH), 5.1-A.9 (1H, m, Hz), Ao2~A0 (1H, ra,
H6a), 3.5-3.2 (1H, m, H3q), 3.1 (3H, s, CF), 2.5-2.2 (2H,
m, H) and 2.1-1.6 (AH, m, and Hg); ir (KBr, disc)
3600-3200 (NH), 1680 (C=0) and 1360 and 1180 cm-1 (CH,S020)„
Method 2. From h-endo-Hvdroxv-2~oxo-octahydrocyclopenta [b]-
pyrrole (3Ja
4~en_do~Hydroxy--2-oxo-octahydrocyclopentar_bJ pyrrole 3Ja
(150 mg, 1.07 mmol) was dissolved in dry tetrahydrofuran
(25 ml) and was added dropwise into a suspension of
sodium hydride (31.2 mg, 1.3 mmol) in dry tetrahydrofuran
(5 ml) under nitrogen atmosphere« The solution was stirred
at room temperature for 10 h until the hydrogen evolution
subsided. Methanesulfonyl chloride (300 mg, 2Q62 mmol)
was added dropwise to the above mixture and was stirred for
another 8 h at room temperature. The solution was then
poured into a chloroform and tetrahydrofuran mixture
(2:1, 60 ml), boiled and filtered when the solution was still
hot. Evaporation of the filtrate in vacuo gave a yellowish
oil which was chromatographed on silica gel (70-230 mesh)
using acetone:chloroform (1:1) as eluant. The first fraction
eluted was methanesulfonyl chloride. The desired lactam-
methanesulfonate was eluted as the second fraction (1 ZfO mg,
60%). Unreacted hydroxylactam was isolated by flushing the
column with acetone. h-ejgdo-Methanesulfonyloxy-2-oxo-
octahydrocyclopentaCbjpyrrole slowly crystallized on
standing at room temperature: mp 96-97°C; nmr (CDCl) S 7.7-
7.2 (1 H, bs, NH), 5.3-4.9 (1H, m, H), 4o3-40 (1H, m, Hga),
3.b— J? 3 (1 H, m, H3), 3.1 (3h, s, CH-j), 2 o 6-2 o 1 (2H, m,)
and 2.2-1.7 (4H, m, Hg and Hg); 1T-rimr (CDC1,) ,s 177.5 (C-2),
SO.9 (C-4), 57.0 (C-6a), if 0.9 (C-3a), 38.4 (CfO, 30.5,
30.1 and 29®9 (C-3» C-5 ad C-6); ir (KBr, disc) 3600-
3200 (rJ H), 16S0 (C=0), 1360 and 1180 cm1 (CHgS0?0; ms
me 219 (5%), 141 (1%), 140 (13%), 124 (24%), 123 (100%)
113 (1%), 112 (12%), 84 (13%), 83 (10%), 79 (22%), 67 (28%)
and 66 (10%) a
4-endo-p-Toluenesulf Qnyloxy-2-oxo-oc tahydrocyclopenta [b]-
pyrrole (pb)
4-endo-Hydroxy-!-OXQ-octahydrocyclopentaQb] pyrrole 3ja
(100 mgs 0.71 mrnol) was dissolved in dry tetrahydrofuran (20 ml)
ana was added dropwise into a suspension of sodium hydride
(36 rng, 1.5 mmol) in dry tetrahydrofuran (5 nil) under
nitrogen atmosphere. The solution was stirred at room
temperature for 8 h until the hydrogen evolution subsided.
p-Toluenesulfonyl chloride (572 mg, 3 mmol) in tetrahydrofuran
(5 ml) was added dropwise to the above mixture and was stirred
for another 8 h at room temperature. The solution was then
poured into a chloroform:tetrahydrofuran mixture (2:19 60 ml),
boiled and filtered when the solution was still hot.
Evaporation of the filtrate in vacuo gave a yellowish solid
which was chromatographed on silica gel (70-230 mesh) using
chloroform:acetone (1:1) as eluant. The first fraction
eluted was p-toluenesulfonyl chloride. The lactara-p-toluene-
sulfonate (120 mg, 62%) was eluted as the second fraction.
Unreacted hydroxylactam was isolated by flusing the column
with acetone. 4-endo~p-Tbluenesulfonyloxy-2-oxo-octahydro-
cyclopenta[b]pyrrole 3§ slowly solidified on refrigeration.
An analytical sample of 35 was obtained by recrystallization
from pet. ether (40-60UC) and dichloromethane as colorless
crystals: mp 154-155°0; nmr (CDCl)£ 8.0-7.2 (5H, m, NH,
ortho-H and meta-H), 5• 1 —4• 7 (1H, in, H), 42~3«8 (1H, m,
H6a)j 3®2-2„8 OH, m, H), 2.6 (3H, s5 CH), 2.5-2.3 (2H, ras
H-j) and 2.0-1.7 (4H5 rn, and Hg); (CDCI)£ 177.6
(C-2), 145«15 133•75 130.0 and 1277 (benzene ring carbons),
81.6 (C-4), 57.1 (C-6a)? 399 (C-3a), 30.4, 29.8 and 29.3
(0-3, 0-5 and C-6) and 21 e 6 (CH); ir (KBr, disc) 3500-
3200 (NH), 1698 (C=0), 1362 and 1183 cm1 (p-CH,-CgH-S020-);
ms (me) 29 5( 2956), 155 (34%), 141 (2%), 140 (23%), 124 (79%),
123 (99%), 113 0%), 112 (6%), 91 (100%), 84 06%), 83 (5%)
67 (21%) and 66 (12%).
Anal. Calcd for CHNOS: C, 56.93; H, 580; N, 4.74; S, 10.86
Found: 0, 56.97; H, 5.97; N, 4-52; s, 10.80
7,7-Dichlorobicyclo[50]hept-2-en-6-one (36)
To a vigorously stirred solution of freshly distilled
cyclopentadiene (82 g, 129 mol) and dichloroacetyl chloride
(91.9 g, 0.62 raol) in dry hexane (500 ml) was added dry
triethylamine (65.9 0.65 mol) in dry hexane (900 ml) over
a period of 3 9 at 0°Co After stirring for an additional
15 h at room temperature under an atmosphere of nitrogen,
the reaction mixture was filtered and the residue was washed
with hexane. The solvent was removed in vacuo, yielding a
brownish liquid (92.1 g). Vacuum distillation afforded
pure 7,7-dichlorobicyclo[3.2.0Jhept-2-en-6-one 36 (89»0 g9
81%): bp 40—1|-1 °C0.1 mm (lit: 99-50°C0.3 mm); nmr (CDCl-j)
A 601-5«7 (2H, m, CH=CH), 99~3c9 (2H, m? H] and H$) and
2.7-2.5 (2H, m, H); ir(neat) 1805 (C=0).
Bicyclo[3.2. 0]hept-2-en-6-one (3)
To a vigorously stirred suspension of zinc dust (22.0 g,
0.39 mol) in glacial acetic acid (90 ml) at room temperature
was added dropwise of 7,7-dichlorobicyclo[3.2.0]hept-2-en-
6-one 6 (10.0 g, 0.056 mol) in glacial acetic acid (10 ml).
After addition was completed, the temperature was raised to
and maintained at 70°C for 1 h The reaction mixture was
cooled and treated with ether9 and the zinc residue was filtered
The ethereal layer was washed with a saturated sodium carbonate
solution to remove the acetic acid and dried over magnesium
sulfate, The solvent was removed in vacuo at ca, 1-0°C and
pure bicyclo[3«2.0]hept-2-en~6-one 3 (5«5 g5 90o9%) was
isolated by vacuum distillation: bp 79-80°C30 mm (lit:
60°C15 mm); nmr (CDCl) 6 59-5.6 (2H, m, CH=CH), 4.0-3,6
(2H, m, H?), 3.6-3.0 (1H, m, H), 2,8-203 (3H, ms and H);
ir (neat) 1776 cm1 (C=0).
2-exo-3Qndo-Dibromobicyclo|~3.T0 0] heptan-6-one (38)
Bromine (l054g 9«64 mmol) in carbon tetrachloride (4 ml)
was added dropwise to a stirred solution of bicyclo[3-2o0]hept-
2-en-6-one 37 (1»0 g5 9.26 mmol) in carbon tetrachloride
(13 ml) containing sodium hydrogen carbonate (2,0 g5 238 mmol)
at 0°C«, Stirring was continued for 3 b at 0°C before the
solution was stored in refrigerator for 16 h, The colorless
solution was filtered and the filtrate vas evaporated in
vacuo. The residue was taken up in the minimum quantity of
pet, ether (40-60°C) and crystallized on refrigeration to
give 2-exo-3-endo-dibromobicyclo[32,0]heptan-6-one 38
(1.9 g, 76.9): mp 57-58°C (lit15: 59-60°C); nmr (CDC1,)
Sif.9-4.6 (2H, m, Hp and H,), if.0-3.8 (1H, m, H), 3.6-
3.2 (3H, m, Hq end H.) and 3.0-2.6 (2H, m, H,); ir (KBr,
disc) 1780 cm1 (C=0).
2-exo-Bromo-5-endo-methoxybicyclor3• 2• 0] heptan-6-one (39)
The bicyclo[3.2.0]hept-2-en-6-one 37 (5 g5 Ab.3 mmol)
was dissolved in methanol (?0 ml) and N-bromosuccinimide
(NBS) (8«2 g, A6.3 mmol) was added with stirring. After
stirring for 18 h at room temperature, the solution was
diluted with ether (30 ml) and extracted with water (6 x
15 ml). The aqueous extracts were separately washed with
ether (2 x 20 ml). The combined organic fractions were
dried over magnesium sulfate and filtered. The solvent
was removed in vacuo to give a brownish residue. Vacuum
distillation gave pure 2-exQ-bromQ~5-eiido~methox.ybic.vclo-
[3.2.0]heptan-6-one 39 (8.6 g, 85%): bp 6A-66°C0.05 mm
(lit: 70°C (oven temperature)0.005 mm); nmr (CDCl)
A A.A5 (1H, m, H), A.3-d.0 (2H, m3 H? and H), 3-5-3.4
(3H, m, H? and), 3-1 (3H, s, CH) and 2.A-2.0 (2H, m5
H,); ir(neat) 1795 (C=0) and 1099 cm-1 (C-0).
A-exo~Brome-5-endo-methox,y-2-oxo-oc tahydrocyclopenta [b]—
pyrrole (ijja) and A-exo-Bromo-5-endo-methoxy-2-oxo-
oc tahydrocyclopenta[c] pyrrole (A}b)
To a stirred solution of 2-exo-bromo-B-endo-methoxy-
bicyclo[3.2.0]heptan-6-one 3§ (2.0 g, 9.1 A mmol) in
dichloromethane (10 ml) was added dropwise a solution of
MSH (2.6 g, 12.0 mmol) in dichloromethane (10 ml) at
-10°C and the reaction mixture was allowed to stand for
15 min. The solvent was removed under reduced pressure
. to give crystalline oxime-suifonate which was dissolved
in benzene imethsnol (3:1, 8 ml) and was added into a stirred
slurry of basic alumina (80 g) in anhydrous methanol
(150 ml). The mixture was stirred for A h and filtered
by suction. The basic alumina vas washed with anhydrous
methanol (2 x 70 ml) and the combined methanolic solution
was concentrated in vacuo. The residue was dissolved in
chloroform (70 ml) and the insoluble material was removed
by filtration. After evaporation of the solvent, the
residue was chromatographed on silica gel (70-230 mesh)
using chloroform as eluent. The first component was methyl
mesitylenesulfonate• Products Ala and Ajb (1.6 g, 7A.8%)
vere eluted by acetone: chloroform (1:2) as inseparable
isomeric mixture: nmr (CDCl) 5 for Ala and AJb 8.0-
7.7 (1H, bs, NH), A» A~3«8 (3H, m, H+, H5 and Hga),
3.A (3H, s, CH3), 3.2-3.0 (1H, m, H3a), 2.8-1.8 (AH, m,
and Hg); C-nmr (CDCl) h for Ala and£! b 179.7,
176.7, 88.9, 88.5, 77.3, 57.3, 57.1, 56.9, 56.3, 56.1,
A7.5, A7.2, A6o3, A3.1, 36.5 and 31.A; ir (KBr, disc)
3500-3200 (NH), 1662 (C=0) and 110k cm-1 (C-0).
3,3-Dichloro-2-oxo-hexahydrocyclopenta-A-en[b]pyrrole (2)
To a stirred solution of 7,7-dichlorobicyclo[3.2.0]hept-
2-en-6-one 36 (3.0 g, 16•9 mmol) in dichloromethane (20 ml)
was added dropwise a solution of MSH (A3 S? 20.0 rnmol) in
dichloromethane (20 ml) at room temperature. The reaction
m ixt ure was then stirred at room temperature for an
additional 0,5 h and allowed to stand for 0.5 h. The solvent
was removed in vacuo to yield a colorless oil which was then
dissolved in benzenermethanol (3:1? 20 ml) and added
dropwise to a stirred suspension of basic alumina (110 g)
in anhydrous methanol (110 ml). The mixture was stirred
for Zf h and filtered by suction. The basic alumina was
washed with methanol (2 x 100 ml). The combined methanolic
solution was concentrated in vacuo. The residue was dissolved
in chloroform (30 ml) and the insoluble material was removed
by filtration. After evaporation of the solvent, the residue
was chromatographed on silica gel (70-230 mesh) using
chloroform as eluent. The first fraction was a mixture
of methyl mesitylenesulfonate and 7,7~dichlorobicyclo[32.0J-
hept-2-en-6-one 36. The lactam product, 33-dichloro-
2-oxo-hexahydrocyclopenta-Zf-en Lb J pyrrole i2 was eluted. byrj
acetone:chloroform (1:2). The eluate was concentrated in
vacuo to give a white solid (2.2 g, 68%). An analytical
sample of 12 was obtained as colorless crystals by
recrystallizetion from pet. ether (h0~60°C) and dichloromethane:
mp 138-140°C; nmr (CDC1-.) 6 8.5-8.0 (1H, bs, NH), 6.0-5,7
(2h, m, H, and Hr), (1H, m, Hz), Ao3~Tc1 (1H, ms
Hgp) and 2.8-2„5 (2H, m5 Hg); 1 h-nmr (CDC1.) b 168.9 C C-2),
131.9, 128.2 (C-4 and C-5), 8if. 1 (C-3), 63.4 (C-3a),
54.3 (C-6a) and 39.4 (C-6); ir (KBr, disc) 3500-3200 (NH)
and 1726 cm1 (C=0); ms (me) 195 (5.3%), 193 (3%%),
191 (52%), 158 (25%), 156 (75%), 152 (2%), 151 (2%), 130 (3%),
113 (100%), 66 (9%) and 65 (25%).
Anal. Calcd for CfUClNO:
c, 43.77; H, 3.67; CI, 36.92
c, 43.83; H, 3.87; Cl, 37.30Found:
2-oxo-Hexahydrocyclopenta-|-enLb] pyrrole (4j)
To a vigorously stirred suspension of zinc dust
(0.4 g, 6.1 mmol) in glacial acetic acid (2 ml) at room
temperature was added dropwise a solution of 3s3-dichloro-
2-oxo-hexahydrocyclopenta-4-en Lb]pyrrole 42 (20 g,
10,4 mmol) in glacial acetic acid (4 ml). After addition
was completed, the temperature was raised and maintained
at 70°C for 20 min The reaction mixture was cooled and
treated with chloroform, and the zinc residue was filtered.
The organic layer was washed with a saturated sodium carbonate
solution to remove the acetic acid and dried over magnesium
sulfate and filtered. The solvent was removed in vacuo to
give a white solid (1.1 g, 89%). An analytical sample of
2-oxo-hexahydrocyclopenta-4-en[b]pyrrole 4J was obtained
as colorless needles by recrystallization from pet0 ether
(40-60°C) and dichloromethane: mp 114—116°C; nmr (CDCl)
8.0-7.5 (1H, bs, NH), 5.9-5.6 (2H, m, and H), 4.5-
4.3 (1H, ms H(-), 3.6-3.4 (1H, m, H7J, 2.7-2.2 (4H, m,OS J? CX
H, and Hg); C-nmr (CDC17) 5 178.2 (C-2), 131.7, 128.7
(C-4 and C-5), 56.4 (C-6a), 46.1 (C-3), 35.8 (C~3a) and
34.9 (C-6); ir (KBr, disc) 3500-3200 (NH) and 1683 cm-1
(C=0); ms (me) 123 (100%), 122 (3%), 80 (53%), 79 (27%)
arid 66 (1%).
Anal. Calcd for CHNO: C, 6827; H, 7«37; N, 1137
Found; Cs 68.53; H, 7o32; N, 1146
4-exo-5-endo-Dibroma-2-Qxo-octahydrocyclopenta [b] pyrrole (0a)
Method 1. From 2-exo-5-endo-dibrom.obicyclo [3« 2.0] heptan-6-one 38
To a stirred solution of 2-exQ-3-endo-dibromobicyclo-
i
[3.2.0] heptan-6-one 38 (30 g, 11.2 mmol) in dichloromethane
(20 ml) was added a solution of MSH (32 g5 15 mmol) in
dichloromethane (20 ml) at -10°C. The reaction mixture was
allowed to stand for 0„5 h. The solvent was removed in vacuo
at room temperature to yield the crystalline oxime mesitylene-
sulfonate which was dissolved in benzene:methanol (3:1? 20 ml)
and added dropwise to a stirred suspension of basic alumina
(100 g) in anhydrous methanol (100 ml). The mixture was
stirred for 4 h and filtered by suction. The basic alumina
was washed with methanol (2 x 100 ml). The combined methanolic
solution was concentrated in vacuo. The residue was dissolved
in chloroform (80 ml) and the insoluble material was removed
by filtration. After evaporation of the solvent, the residue
vas chromatographed on silica gel (70-230 mesh) using
chloroform as eluent. The first component was methyl
mesitylenesulfonate. The lactam-dibromide, 4-exo-5-endo-
dibromo-2-oxo-octahydrocyclopentaQc] pyrrole 40b (0e6 g,
18.9%) was eluted with acetone:chloroform (1:2). The desired
isomer, 4-exo- 5-end o-di br omo-2-oxo ~o c tahyd.ro eye lopent a[b]pyrrole
Oa (1.6 g, 52.1%) was obtained from further flushing the
column. Compound pOa was obtained as colorless crystals
when recrystallized from benzene: rap 150-152°C; nmr (DMSO)
b 8.0-7.7 (1Hj bs, NH), 48~4«2 (3H, m, H, and Hga),
3.3-3.2 (1H, m} Hz) and 2.6-2.2 (4-H, m, and Hr);
ir (KBr, disc) 3500-3150 (NH) and 1684 cm-1 (C=0).
Method 2. From 2-oxo-hexahydrocyclopenta~4-~eri [b] pyrrole (4J)
To a solution containing 2-oxo~hexahydrocyc.lopenta~4~
en[b]pyrrole 4j (1.0 g, 8.13 ramol) in dichlororaethane (60 ml)
was added dropvise a solution of bromine (4.3 Ss 26.4 mmol)
in dichlororaethane (60 ml) over 1 h. The resulting red
solution was stirred overnight at room temperature and poured
into water (300 ml). The aqueous layer was discarded and the
organic layer was washed with saturated sodium hydrogen
carbonate solution (100 ml) and then water (100 ml) and
dried over magnesium sulfate,, Evaporation of the solvent
in vacuo gave a yellow solid which was chromatographed on
silica gel (70-230 mesh) using acetone:chloroform (1:1) as
eluant The eluate was concentrated in vacuo to give a
white solid (1.4 g, 6l%) which upon recrystallization from
benzene gave 4-exo-3-endo-dibrQmo-2-oxo°octahydroeyelo-
penta[b]pyrrole 40a as colorless crystals: mp 150-151°C;
nmr (DMSO) S 8.0-7.7 (1H, bs, NH), 4®7~4«2 (3H, m, H, H,
H6a)5 3«3-3o2 (1H, m, H3a) and 2.6-2.2 (4H, m, and Hg);
13C-nmr (DMSO) 6 176.3 (C-2), 59.8 (C-6a), 48„3» 46.0 (C-4
and C-5),43.9 (C-3a), 37.1 and 36.7 (C-3 and C-6); ir
(KBr, disc) 3500-3200 (NH) and 1683 cm-1 (C=0); ms (rne)
281 (not observed), 204 (82%), 202 (100%), 123 (27%)? 122 (13%)?
84 (3%)s 83 (16%), 80 (33%) and 79 (41%).
Anal. Calcd for CHgBrNO: C, 29o72; H, 3-21; N, 495; Br, 56«48
Found; C, 29-90; H, 3-31; N, 4,91; Br, 55-90
4-exo-Bromo-5-endo-methoxy-2-oxo-QC t a hydrocyclo pen ta [bl pyrrole (21 a
2-oxo-Hexahydrocyclopenta-4-en[blpyrrole 4J (1.5 g? 12.2 mrnol)
was dissolved in dry methanol (30 ml) and NBS (2.2 g, 12.5 mrnol)
was added with stirring. After 18 h at room temperature, the
solution was diluted with chloroform (30 ml) and extracted
with water (6 x 15 ml). The aqueous extracts were washed
with chloroform (2 x 20 ml). The combined organic layers
were dried over magnesium sulfate and filtered. The solvent
was removed in vacuo to give a white solid (21 gs!+%)
which on crystallization from benzene gave 4-exo-bromo-
5-endo-raethoxy-2-oxo-octahydrocyclopenta[b] pyrrole fja
as colorless crystals: mp 127-128°C; nmr (CDCl) 8 8.0-
7.7 (1H, bs, NH), .5-3«9 (3H, ms H, H5 and Hga), 3.4
(3H, s, CH,), 3-3-3.1 (1H, m, H) and 2.7-2.3 (4H, m, H3
and Hg); 13C-nmr (CDC1,) 8 176.7 (C-2), 88.5 (C-5), 77.1
(CH,), 57.1 (C-6a), 47.2 (C-4), 43.1 (C-3a) and 36.5, 31.4
(C-6 and C-3); ir (KBr, disc) 3500-3200 (NH), 1680 (C=0)
and 1104 cm (C—0); ms (me) 233 (not observed), 154 (82%),
123 (4%), 122 (19%), 96 (100%), 84 (5%), 83 (5%), 80 (13%)
and 79 (18%).
Anal. Calcd for CgHBrNOgi C, 41.05; H, 5.17; N, 5.98
Found: Cs 2+1.13; 523; N, 5-76
Boron tetrahydrofuranate (£1,)
The complex was prepared by a modification of known-
procedure, To a stirred suspension of sodium borohydride
(4.1 g, 0.11 mol) in dry tetrahydrofuran (150 ml) was added
dropwise a solution of distilled boron trifluoride etherate
(21.4. g, 0.15 mol) in dry tetrahydrofuran (30 ml). The
solution was stirred at room temperature for 10 h under
nitrogen atmosphere. Under a nitrogen atmosphere, the solid
sodium tetrafluoroborate was filtered, the filtrate (110 ml)
has a concentration of approximately 1.1M in borane (0.12 mol,
81%), as determined by measuring the hydrogen evolved on
hydrolysis, which was stored under nitrogen in a refrigerator.
4-endo-Methane sulfonyloxy-oc tahydr oc,yclo pent a Lb] pyrrole (27)
f-Methanesulfonyloxy-2-oxo-octahydrocyclopenta [b]pyrrole
3h (50 mg, 0.23 mol) was mixed with borane tetrahydrofuranate
(10 ml, 1.1M, 11.3 mmol) and reflux under nitrogen for
3 h. The reaction mixture was set aside at room temperature
for 1 h. Concentrated hydrochloric acid(5 ml, 36%) was
carefully added and the mixture was stirred for 2 h. It
was poured into chloroform (4O ml) and solid potassium
hydroxide vas added to adjust the pH to alkaline. The
aqueous layer was extracted with chloroform (2 x 20 ml).
The combined organic layers were washed with brine solution
(20 ml) and dried over magnesium sulfate, filtered and
evaporated in vacuo to give a colorless liquid, which was
a mixture of the desired product 27 and significant amount
of 1,-butanediol formed from the decomposition of tetrahydrofurar
during work up. 1,4-butanediol was removed by high vacuum
distillation, the residue being crude. Crude 27 was dissolved
in 10% hydrochloric acid solution (20 ml). The solution
was filtered, neutralized carefully with solid sodium hydroxide
until the pH became 10, and extracted with chloroform
(3 x 30 ml). The combined organic layers were washed with
brine solution (20 ml) and dried over magnesium sulfate,
filtered and evaporated in vacuo to give 4~endo~raethane-
sulf onyloxy-oc tahydrocyclopenta tb] pyrrole 27 (23.3 mg, 60%).
Attempts to further purify it by chromatography led to
decomposition: nmr (CDCl) 5 5.0-4 6 (1H, m, H), 38-3.0
(2H, m, H-ja and Hga), 3.1 (3H, s, CH), 2.9-2.7 (2H, m, H2)
and 2.0-1.A (7H, m, H, H, Hg and NH); ir (neat) 3600-3200 (NH),
1360 and 1180 cm1 (CHS020); ms (me) 205 (not observed),
110 (100%), 109 (25%), 108 (31%), 107 (3%), 106 (4%),
82 (16%), 81 (if0%), 80 (37%), 79 (18%), 68 (72%) and
67 (47%); ms (exact mass for me 110) CnH1found 110.0961
(calcd 110.0969)
4-endo-p-toluenesul fonyloxy-oc tahydrocyclopenta [b] pyrrole 28
The procedure was the same as described in the reaction
of 27 with 71. 4-endo-r-Toluenesulfonyl-2-oxo-octahydrocyclo-
penta [b]pyrrole 35 (O.lg, 0.34 mmol) was transformed into
4-endo-p-toluenesulfonyloxy-octahydrocyclopenta[b]pyrrole 28
(62 mg, 65%): nmr (CDCl) 6 8.1-7.3 (h-H, m, ortho-H and meta-
H), 5.0-4.7 (1H, m, 3.8-5=4 (2HS m, and Hga), 3-0-
2,7 (2H, m, Hp, 2.5 (3H, s, CHj, 2.0-1 .if (?H, p, Hg, Hg
and NH); ir(neat) 3600-3200 (NH), 1359 and 1191 cm1
(CH-CgH-SO 0); ms (me) 281 (not observed), 110 (100%),
109 (14%), 108 (17%), 91 (93%), 80 (39%), 79 (17%), 68- (65%)
and, 67 (23%); ms (exact mass for me 110) CHN, found
1100963 (calcd 110.0969)
Zf-exo-3-endo-Dibromooctahydrocyclopenta Cb] pyrrole (29)
The procedure was the same as described in the reaction
of 27 with 71 f-exo-3~endo~Dibromo-2-oxo-octahydrocyclo-
pentaCb] pyrrole +0a (1.0 g, 3«6 mraol) was transformed into
H~exQ-5-endo-dibromooctahydrocyclopenta Cb] pyrrole 2g
(0.6 g, 62%) :nmr (CDCl) 5 jc6~33 (9-H, m, Hs, Hga and
H3a), 3.0-2.6 (2H, m, H), 2.-2.2 (2H, ms Hg) and 2.0-1.6
(3H, m, and NH); ir(neat) 3500-3200 cm'' (NH); ms (me)
267 (not observed), 190 (100%), 188 (100%), 109 (36%),
108 (31%), 80 (17%), 79 (13%), 69'(6%); ms (exact mass for
me 188) CHBrN, found 188.0050 (calcd 188.0050).
4-exo-Bromo-5~endo~methoxyoctahydrocyclopenta[b]pyrrole (30)
The procedure was the same as described in the reaction
of 2 with 7J. -exo-Bromo-5-endo-methoxy-2-oxo-octa-
hydrocyclopentaCb]pyrrole b1a (1 g, Ho3 mniol) was transformed
into 4-exo~bromo-5-endo-methoxyoctahydrocyclopentaCb]pyrrole 30
(0.6 g, 65%): ninr (CDCl) 8 42-3«6 (3HS ra? and Hg),
3.45 (3HS s, CH3), 3.3-3.1 (1H, mf H), 3.0»2,2 (4H5 m,
and H) and 2.0-1.4 (3H, ms and NH); ir(neat) 3600-
3200 (NH) and 1092 cm~'i(C-0); ras (me) 219 (not observed),
140 (100%), 109 (9%)5 108 (16%), 80 (13%)5 79 (10%), 69 (17%)
and 68 (25%); ms (exact mass for me 140) CgHNO, found
140.1061 (calcd 140.1075).
Reaction of 4-endo-p-toIuenesulfonyloxy-octahydrocyclopentaLbJ-
pyrrole 28 with potassium tetrachloroplatinate (II)
A mixture of 4-endo-p-toluenesulfonyloxy-octahydro-
cyclopentaCb]pyrrole 28 (30 mg, 0.11 mmol), potassium
tetrachloroplatinate (II) (45.7 mg, 0.11 mmol), and sodium
carbonate crystal( 85.8 mg, 0.3 mmol) in 80% ethanol (10 ml)
was refluxed under nitrogen atmosphere for 10 hs After cooling, the
solution was filtered and the filtrate was extracted with
chloroform (3 x 10 ml). The combined organic layers were
washed with brine solution and dried over magnesium sulfate
and filtered. The filtrate was concentrated in vacuo to
yield a light-brown oil. The nmr spectrum of this oil showed
an absorption pattern at S 7.9-7,1 and complex absorption
patterns from S I.0-0.6. The structure of this oil was
yet unidentified.
Reaction of 28 with sodium hydride in tetrahydrofuraru
A mixture of A-endo-n-toluenesuIfon,ylox.y~octahydro-
cyclopenta[b] pyrrole 28 (20 mg, 0.07 mmol) in dry tetrahydrofuran
(6 ml) was refluxed for 8 h under nitrogen atmosphere, The
resulting solution was stirred at room temperature for 6 h
The solution was filtered and the residue was washed with
chloroform (3 x 10 ml). The organic layer was evaporated
in vacuo to give a yellowish oil which was shown to be the
starting material by the proton nmr spectrum
Solvolytic study of 29 in absolute ethanol
A mixture of 4-exo~5-endo-dibromooctahydrocyclopentafb1-
pyrrole 29 (0,1 gs 0,37 mmol) and 292,6,6-tetramethyl-p-
piperidinol (58,2 mg, 0„37 mmol) in 98% ethanol (10 ml)
was refluxed under nitrogen atmosphere for he The solution
was evaporated in vacuo to afford a brownish oil. Acetone
(5 nil) was added to precipitate the 2,2,6,6-tetramethyl-
If-piperidinol and the solution was filtered The filtrate
was concentrated in vacuo to yield a brownish oil which was
the starting material as suggested by its proton nmr spectrum.
Solvolytic study of 29 in 80% ethanol
The procedure was the same as described in the reaction
of 29 in absolute ethanol. 4~exo~5-endo-dibr©mooctahydro-
cyclopenta[b]pyrrole 2g (100 rng3 O037 rnmol) gave also a
brownish oil which was shown to be the starting material
by its proton nmr spectrum®
Solvolytic study of 30
(A) in absolute ethanol.
A mixture of Zf-exo-bromo-5-endo-methoxyoctahydro-
cyclopenta[b]pyrrole JO (100 mg, 0„A6 mmol) and 2,29656-
tetramethyl-A-Piperidinol (723 mg5 0.6 mmol) in absolute
ethanol (15 ml) was refluxed under nitrogen atmosphere for
Zl h. Unreacting starting material was obtained quantitatively
after work up.
(B) in 80% ethanol
A mixture of £f-exo-bromo-5-endo-methoxyoctahydro-
cyclopenta[bJpyrrole JO (100 mg, QLG mrnol) and 2,2,6,6-
tetramethyl-A-piperidinol (72.3 mg, 0„A6 mmol) in 80% ethanol
(15 ml) was refluxed under nitrogen atmosphere for 2A hc
After work up, unreacted starting material was obtained.
Reaction of 29 with sodium hydride in tetrahydrofuran
A mixture of A-exo--endo-dibromooctahydrocycIopentaCb]-
pyrrole 29, (200 mg, 075 mrnol) and sodium hydride (48 mg)
20 mrnol) in dry tetrahydrofuran (20 ml) was refluxed for
36 h under nitrogen atmosphere The resulting solution was
then stirred at room temperature for 8 h The solution was
filtered and the residue was washed with chloroform (3 x
10 ml) The organic layer was evaporated in vacuo to give
a viscous brown oil: nmr (CDCl) S 8o5-83? 602~5o5 and
complex absorption patterns from 5.0-1 1 GC-MS revealed
2 components in the crude product, Ms (me) for the first
component (retention time 55 min) 107 (75%)5 106 (100%),
80 (53%) j 79 (95%)? 78 (11%), 77 (22%), 53 OA%) and 41 (22%)
Ms (me) for the second component (retention time 7.8 min)
207 (13%), 85 (16%), 83 (2Zf%), 71 (100%), 69 (10%) and
A3 (W%).
Reaction of 30 with sodium hydride in tetrahydrofuran
The procedure was the same as described in the reaction
of 2g with sodium hydride above A-exo-Bromo-5-endo-methoxy-
octahydrocyclopenta[b]pyrrole (200 rag, 091 mmol) was
transformed to a brown oil: nmr (CDC1-,)£ 8.5-83? 62-5.6,
5.0-3.6, 3.A and 3.0-1.0; GC-MS revealed 3 components in
the crude product. Ms (me) for the first component (retention
time 10 min) 281 (11%), 237 (17%), 207 (100%), 193 (20%),
108 (33%), 96 (14%), 94 (15%), 83 (11%), 80 (1%%), 79 (19%)
and 71 (31%); (me) for the second component (retention
time 13 min) 139 (36%), 138 (14%), 124 (38%), 108 (100%),
107 (29%), 106 (43%), 79 (58%), 77 (27%), 59 (41%), 55 (21%),
53 (19%) and 41 (51%); ms (me) for the third component
(retention time 14.5 min) 163 (31%), 161 (12%), 146 (1 6%),
145 (28%), 133 (100%), 131 (39%), 123 (11%), 119 (48%),
103 (68%), 89 (38%), 77 (25%), 75 (32%), 72 (33%), 59 (33%)
and 55 (30%).
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